Lead (Pb) poisoning of a pregnant heifer was diagnosed based upon clinical signs (head pressing, blindness, muscle twitching) and a blood lead concentration of 1.73 ppm. Blood and urinary Pb half-lives with CaNa 2 EDTA/thiamine therapy were determined to be 2.08 and 1.38 days, respectively. Many cations (Ca, Fe, Zn, Na, Cu), including Pb, were excreted at higher concentrations in urine during therapy. Blood (0.425 ppm) and liver (4.85 ppm) Pb concentrations in the fetus were 71.7% and 84.3% of the same tissue Pb concentrations of the dam, indicating a significant transfer of Pb in utero. Severe polioencephalomalacia was described in the adult, and hepatic lysosomes with metallic electron densities were present in the fetus.
A severely depressed and dehydrated approximately 10-month-old angus heifer (175 kg, estimated) was presented to the Mississippi State University, College of Veterinary Medicine (CVM) Animal Health Center. The herd had recently experienced 2 acute yearling deaths due to unknown causes. This heifer had been found standing in a pond and was reluctant to move. Clinical signs included head pressing, staggering, muscle twitching, and lack of a menace response. Acute toxicosis (lead [Pb], organic pesticides, mercury) or a vitamin deficiency (vitamin A, thiamine) were suspected. Other rule outs included rabies, polioencephalomalacia, thromboembolic meningoencephalitis, listeriosis, and other less common central nervous system (CNS) differential diagnoses. 21 Blood was taken for a complete blood count (CBC) with differential, serum chemistry panel, and blood Pb concentration analysis. Initial therapy (day 0) consisted of thiamine hydrochloride a (1 g, intramuscular [im]), dexamethasone b (20 mg, intravenous [iv]), and oral electrolyte solution c (10 liters via stomach tube).
The following morning the neurological signs were more pronounced and included, in addition to those previously noted, hyperesthesia, ptyalism, and bruxism. Blood Pb concentration was 1.73 ppm (CVM Diagnostic Services, Toxicology Laboratory, normal < 0.35 ppm) and the CBC and clinical chemistries were unremarkable. Day 1 treatments were 10 liters electrolyte solution per os, CaNa 2 EDTA d (13 g in 250 ml of saline iv), thiamine hydrochloride (1 g, im), and acepromazine maleate e (18 mg, im Received for publication December 9, 1994. treatments were continued for 4 days (a total of 5 days with CaNa, EDTA given once daily). An ultrasoundguided liver biopsy for electron microscopy (EM) and liver Pb analysis was obtained on day 2 of treatment. The liver Pb concentration was 14.5 ppm. Although the heifer was not known to be pregnant, a 3-4-monthold viable male fetus was aborted on the 3rd day of treatment. Abortion may have been due to dexamethasone injections. The heifer showed slight improvement from the plumbism but had developed signs of respiratory disease (temperature 39.2 C, labored and irregular breathing, purulent bilateral nasal discharge) by day 4. For financial and humane reasons, the heifer was euthanatized (xylazine f and sodium pentobarbital with sodium phenytoin g iv) on day 6. The heifer was necropsied immediately after euthanasia.
Materials and methods
Multiple blood (days 0, 1, 3, 5, 6), urine (days 1-5), serum (days 1, 3, 5, 6), fecal (days 4 and 6), and fetal samples (day 3) were taken during the course of treatment for microscopic and chemical analysis. For metal analysis, tissue (1 g), liver biopsy (0.1 g), feed (1 g), feces (1 g), serum (1 ml), and urine (1 ml) samples were placed into a large test tube (25 x 150 mm) and 1 ml of 75% (w/v) nitric acid h (HNO 3 ) added. This mixture was heated to near boiling until a uniform color was achieved. Each sample was further digested using 1 ml 70% perchloric acid, i heated to 82 C, and then brought to 5 ml by adding deionized water. Blood samples (50 µl) were mixed with 200 µl of 1 ml/liter Triton X-100. j Lead levels were determined using an atomic absorption spectrophotometer k with a graphite furnace at a wavelength of 283.7 nm (atomize at 2,400 C, 5 sec). Serum and urine Ca, Zn, Cu, Mn, Fe, Mg, Na, and K were analyzed by flame atomic absorption spectrometry k at wavelengths of 422.7 nm, 213.5 nm, 324.7 nm, 279.5 nm, 248.3 nm, 285.2 nm, 589.5 nm (emission), and 766.5 nm (emission), respectively. A standard curve was determined for each metal; Pb analysis was linear from 0 
Results
Blood Pb decreased in a linear fashion over days 0-5 from 1.73 to 0.295 ppm (Fig. 1 ). The urine lead concentration just prior to CaNa 2 EDTA and thiamine treatment was 0.28 ppm (day 1), and the 2nd day of treatment (first urination post-CaNa 2 EDTA and thiamine) the concentration increased to 225.0 ppm. Urine Pb concentrations subsequently decreased in a linear fashion over the next 3 days. The decrease (simple linear regression, y = Pb ppm, x = days) for blood Pb concentration is y = -0.24x + 1.535 (R 2 = 0.92) and for urine is y = -72.46x + 333.81 (R 2 = 0.85) with CaNa 2 EDTA and thiamine treatment. Thus, the CaNa 2 EDTA and thiamine treatment half-life for Pb equaled 2.08 days for blood. Urinary concentration (volume not measured) decreased by half every 1.38 days.
Lead concentration in fetal and maternal tissues are presented in Fig. 2 . Liver Pb concentrations were 14.5 ppm on day 2 and 5.75 ppm on day 6 for the heifer. The fetal liver Pb concentration was 4.85 ppm representing 33.4% and 84.3% of the heifer day 2 and day 6 Pb concentrations, respectively (Fig. 2) . The fetal blood Pb concentration (0.425 ppm) was 71.7% of the heifer blood (0.593 ppm) taken on the same day (day Following CaNa 2 EDTA and thiamine treatment, urinary Ca concentrations increased from 142.4 (day 1) to 4,001.0 (day 2) and 4,314.0 ppm (day 3) and decreased by day 6. Serum Ca was initially low and mostly unchanged with only a slight decrease on day 5 ( Table 1 ). The day following initial CaNa 2 EDTA and thiamine treatment, Zn concentrations increased from 1.92 to 110.0 ppm in urine while serum concentrations increased gradually over time. Urine Cu concentrations increased the day following initial CaNa 2 EDTA and thiamine treatment, but were similar to day 1 the remainder of the time. Serum Cu concentrations declined slightly by days 3 and 5. Mg concentrations decreased to 39.0 ppm by day 6 after peaking at 2,000.0 ppm (day 2) in urine, and serum Mg only decreased slightly (Table 2) . Serum Fe ranged from 12.25 to 24.01 ppm and urine ranged from 6.63 to 18.39 ppm ( Table 1 ). The concentration of K in urine approximately doubled by day 6 (26,874.0 ppm) from day 1 (13,015.0 ppm). Serum K was unchanged except for a decrease on day 1 (Table 1) . Serum Na was un-* Valence of 2 was used to calculate meq/liter (in parentheses) except for K. changed and urine Na increased from 1,830.5 to 52,030.0 ppm by day 4 ( Table 2) .
Clinical chemistries and CBCs were within normal limits ( Table 3) . On day 3, the cow developed a leucocytosis due to a neutrophilia with a left shift and monocytosis. Maternal lesions noted on necropsy were several 1-2 cm firm nodules on the anterior ventral lung lobe, which on section displayed gray-tan parenchyma, a partially involuted uterus containing malodorous fluid and placental tissue, and the ruminal serosal surface displayed a hemorrhage approximately 4 x 5 cm. Microscopic examination of the heifer tissues revealed necrosis and suppuration at the margins of the fetal and maternal tissues of the placenta with many bacteria; locally extensive necrosis and suppuration of anterior ventral pulmonary areas with alveolar associated proteinaceous fluid, fibrin, and inflammatory cells; and cerebral cortical gray matter parenchyma displayed moderate gliosis with multiple shrunken neurons with pyknotic nuclei and eosinophilic cytoplasm and prominent blood vessels with plump round endothelial cells (Fig. 3 ). The morphological diagnosis was necrotic suppurative placentitis, anterior ventral bronchopneumonia (positive for Moraxella spp. and Pasteurella haemolytica), and cerebral laminar cortical necrosis. Lysosomes containing electron-dense structures were detected in fetal liver using electron microscopy ( Fig. 4 ).
Discussion
Lead poisoning in bovine and other species has been well documented. [1] [2] [3] [4] Multiple sources and situations will result in either acute or chronic exposures to Pb. 1, 11, 13, 15, 16, 19, 20, 23 This particular case is classical in that car batteries were discarded at or near a grazing site that was soon discovered by the cattle. 1, 3, 4 The high concentration of Pb with the clinical signs and histopathology indicates Pb poisoning. 6, 8 The bronchopneumonia and placentitis are probable sequelae to recumbency and abortion, which in turn were associated with the Pb toxicosis.
The evaluation of transplacental Pb, fetal Pb tissue distribution, and microscopic examination of potentially affected fetal tissues in combination with an evaluation of the dam makes this case unique, with the data indicating Pb transferred to the bovine fetus dur- Fig. 3A ). Necrosis is apparent in neurons with shrunken cytoplasm, pyknotic nuclei, and increased perineuronal space (arrows).
ing acute maternal exposure. Blood and liver tissue represented the highest concentration of Pb and the highest percentage of transfer from the dam to the fetus. The levels achieved in the fetus are above concentrations that are considered diagnostic of Pb poisoning in adult cattle (blood is 0.35 ppm and liver is 2.0 ppm), indicating a toxic exposure to the fetus. Brain and kidney of the fetus had evidence of Pb exposure, but concentrations were lower as compared to the maternal tissues. First pass uptake by the liver and reduced blood flow to kidney and brain may have resulted in lower levels in brain and kidney of the fetus. The role of CaNa 2 EDTA and thiamine in Pb distribution to fetal tissues and across the placenta cannot be evaluated directly in this case due to the lack of a control (untreated Pb-intoxicated pregnant heifer). However, considering that CaNa 2 EDTA effectively removes Pb from the bone 14 and blood, but not directly from RBCs, 5, 9 and enhances maternal urinary excretion 1, 5, 9, 14 one could speculate that fetal tissues may have had higher Pb concentration prior to or just following CaNa 2 EDTA treatment than determined at abortion. It is unlikely that Pb chelated with CaNa 2 EDTA had crossed the placenta to increase the fetal Pb burden, considering that chelation increases water solubility and molecular size of metals. Thiamine reduces tissue Pb 7 and may have acted similarly to CaNa 2 EDTA as a chelator or alleviated clinical signs by other means (thiamine replenishment). 9, 22 The initial increase in urinary Ca concentrations coupled with the unchanged serum Ca concentrations indicates Ca loss was not reflected in serum concentrations. Likewise, the initial posttreatment increase in urinary Mg concentrations was not reflected in serum Mg concentrations. However, losses are apparent based upon dramatically increased urine concentrations. Prolonged CaNa 2 EDTA treatment has been recognized as a possible cause of divalent cation depletion and periods with no chelation therapy are required during the course of treatment to prevent hypocalcemia and hypomagnesemia.
The increase in urinary Zn and serum Zn concentrations indicates mobilization of tissue stores as well as free Zn from serum. A Zn deficiency could result from extended chelator therapy. The increase in urinary K and Na and the small increase in divalent cations can be attributed to the electrolyte therapy. The Pb intoxication and chelator therapy can alter electrolytes as evidenced here and in previous reports. 10, 17 Lead measured in the various tissues (dam and fetus), and the stress associated with the intoxication and treatment (dexamethasone) may have resulted in the abortion. The severity of the intoxication is noted by the marked polioencephalomalacia evidenced by the histopathology and severe clinical signs in the dam. Lower levels of maternal intoxication might result in a severely compromised neonate due to the partitioning of Pb into the developing fetus. Pb was accumulating in the fetal liver as indicated by residue analysis and the possible storage of Pb in fetal liver lysosomes as indicated by electron microscopy. Cu and Fe can produce similar lysosomal densities; however, these two elements were not elevated in fetal liver (data not presented). Lysosomes have been shown to accumulate Pb in experimental animals with destabilization of lysosomes possibly leading to cellular injury. Lead has been described to produce intranuclear acid-fast inclusions, as well. 12 Lead movement into milk 18 has been studied and may continue to impact the neonate. 24 This could have serious implications to a herdsman that has a chronic low level exposure ongoing and undetected. 1, 13, 15, 16, 19 Urban or work-related exposures to Pb in women who are pregnant or of child-bearing age will continue to be a concern as well.
The use of CaNa 2 EDTA and thiamine was shown to be effective in increasing urinary Pb output dramatically, nearly a thousand times the untreated urinary level. This has been previously reported. 1, 5, 9 Blood Pb removal was enhanced with this treatment as compared to published information on Pb toxicokinetics without CaNa 2 EDTA treatment. 9 The CaNa 2 EDTA and thiamine associated half-lives for blood was 2.08 days in the heifer. Urinary concentrations decreased by half, approximately every 1.38 days. A fetal hepatocyte containing intralysosomal electron-dense bodies believed to be Pb was identified with the aid of EM. Fetal Pb distribution indicated that liver and blood are more likely to accumulate Pb than are the kidney and brain when compared to maternal tissues.
